When a controller is designed to minimize the kinetic energy estimated with the velocities at the sensor positions, the velocities at the sensor positions are surely decreased. However, the kinetic energy of the entire structure could be increased. To complement this limitation, the number of sensors should be increased, but it causes the cost of the control system to increase. In order to overcome these disadvantages, the controller design is carried out based on the prediction of the vibration field of the structure from the measured velocities at the limited number of sensors.
Extended Abstract
When a controller is designed to minimize the kinetic energy estimated with the velocities at the sensor positions, the velocities at the sensor positions are surely decreased. However, the kinetic energy of the entire structure could be increased. To complement this limitation, the number of sensors should be increased, but it causes the cost of the control system to increase. In order to overcome these disadvantages, the controller design is carried out based on the prediction of the vibration field of the structure from the measured velocities at the limited number of sensors.
Minimization of the kinetic energy of the structure is used as a cost function for the controller design of feedforward control strategy. The kinetic energy of the structure can be in general calculated by integrating the entire velocity field of the structure. To evaluate the entire velocity field using the measured velocity at the sensor locations, the modal expansion method is incorporated. First, the finite element model is established for the structure, and is secondly used to calculate the mode vectors and modal contributions at each node. Using the results of the finite element analysis, the modal expansion method is completely implemented defining a modal participation factor of disturbance to give the entire velocity field from the limited measurement. And the modal participation factor of control source can be calculated by using natural frequency and mode vector. Then velocity of entire structure can be expressed as linear sum of modal participation factor of disturbance and control source. The cost function for the kinetic energy variation of the structure is formulated in terms of the quadratic form of modal contribution factor of disturbance and control source and the secondary forces. As a result, the optimal control force is obtained ensuring the kinetic energy to be minimized. It is confirmed that the performance of the controller is effective at the frequency of interested under various conditions compare to case of only use velocity of measurement points.
